Regulation of Escherichia coli glutamine synthetase. Evidence for the action of some feedback modifiers at the active site of the unadenylylated enzyme.
The interaction of unadenylylated form of Escherichia coli glutamine synthetase with several substrates and effectors has been examined by magnetic resonance techniques. These studies show that two manganese ions bind per enzyme subunit. From the dramatic line broadening observed in the alanine spectra in the presence of manganese and enzyme, it is concluded that the binding of alanine occurs at a site nearer one of the two manganese sites. Electron spin resonance (ESR) titration experiments suggest apparent dissociation constants of 20 and 120 muM for manganese to these sites in the presence of 1.0 mM magnesium ion. The manganese concentration dependence of the broadening of alanine suggests an affinity of 30 muM for the manganese closest to the alanine binding site. This suggests that alanine binds closer to the more tightly bound manganese ion. Glutamate appears to displace the alanine and also appears to bind close to the strongly bound manganese ion. It is proposed that alanine and glutamine bind competitively and in the same site. The binding of alanine and ATP is shown to thermodynamically interact such that the presence of one ligand increases the affinity of the enzyme for the other ligand. The presence of ATP dramatically sharpens the alanine line width when manganese and glutamine synthetase are present. Addition of ADP or phosphate alone has little effect on the alanine line width but the addition of both ADP and phosphate shows the same dramatic sharpening as the addition of ATP alone, suggesting an induced fit conformational change in the enzyme induced by ATP or by both ADP and phosphate. A binding scheme is proposed in which all feedback inhibitors of the enzyme bind in a competitive fashion with substrates.